New Results for
Double Spin Asymmetry A+ in
DIS Pion production on 3He

Jin Huang
MIT

For DIS2011
Apr 12,2011 @ NPN, VA




Transverse Momentum Dependent
(TMD) Parton Distributions

» TMD PDFs link
o Intrinsic motion of partons

o Parton spin
> Spin of the nucleon

» Multi-Dimension structure of nucleon

» A new phase of study, fast developing field
- Great advance in theories (factorization, models, Lattice ...)

> Not sys. studied until recent years
- Semi-Inclusive DIS (SIDIS): HERMES, COMPASS, Jlab, ...

- p-p(p_bar) process : FNAL, BNL, ...
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Leading-Twist TMDs 00
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“Worm-Gear” Functions g,

» gt T @ - é
> Leading twist TMD PDFs
- T-even, Chiral-even

» Dominated by real part of Worm Gear
interference between
L=0 (S) and L=1 (P) states 04 gy
> Imaginary part —> Sivers effect : S-P int.
» No GPD correspondence i TOT
> a genuine sign of intrinsic transverse 0.2f P_D
motion 0.1 nt.
» First TMDs in Pioneer Lattice o

lculati 0 025 05 0.75 x
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arXiv:0908.1283 [hep-lat], arXiv:1011.1213 [hep-lat] B.P., Cazzaniga, Boffi, PRD78, 2008
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One Tool to Study TMDs: SIDIS

» Access new TMDs
not accessible in
ront inclusive DIS (m,,,=0)
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TMDs in SIDIS Cross Section
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Experimental Extraction of g,

» Extractable from
Double Beam-Target Spin Asymmetry (DSA) in SIDIS
with transversely polarized target: A ¢
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Existing 4, Results o
4 COMPASS Proton  axiv:1012.0155 fhep-ex]
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» HERMES H%Lk
o Last Session, L. Pappalardo 0t

» Jlab E06-010 —
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Eur. Phys. J. Special Topics 162, 89-96 (2008)
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EO6-010 Experiment Setup

» Success full data taking 2008-09 \ o ;@ Lo
Polarized electron beam

v

o
> ~80% polarization Y | BigBite
> Fast Flipping at 30Hz : o J
> PPM level charge asymmetry HRS | 39
controlled by online feed back |
» Polarized 3He target e )
» BigBite at 30° as electron arm { ’ ,
- Dipole magnet, P, = 0.7 ~ 2.2 GeV/c Polarized \2/ €
- MWDC/shower-preshow/scitillator 3He Target |
» HRS, at 16° as hadron arm
- QQDAQ config, P, = 2.35 GeV/c el Beam Polarimetry
> Scintillator/drift chamber/Cherenkov (Meller + Compton)
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Polarized 3He Target @
i P QP I 4
@-000-¢ .

~90% ~1.5% ~8%
» Greater figure of merit than polarized deuteron target

> Nuclear polarization: 40~60% vs 30~50%
> Much higher beam current

» Compact size: No cryogenic support needed

Chamber
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Spin
Exchange

B

40 cm

Jin Huang <jinhuang@mit.edu> DIS 2011 10



Polariation & )
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Performance of 3He Target H
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3 0%,

’
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3He Target |

» High luminosity: L(n7) = 103 cm=2 s~ 4ssr;:mm
» Record high 60~ 65% polarization in beam
with automatic spin flip / 20min

History of Figure of Merit of Polarized 3He Target
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SHe A,; Results

» First measurement with 3He target
- Fast beam helicity flips
- Two analysis team, cross checks
- Corrected for small component of long. target spin, S,

» Data suggest non-zero SIDIS A +: 117, +2.80 (sum all bins)
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Extract Neutron A+

5 He 20 P, = 0.8670.036
AlHe _ p _In_gn Sl Ry n —0.02
AT = P AL+ By At ) oo am

0 Corrected for proton dllutlon, f,

> Predicted proton asymmetry contrlbutlon <1.5% (1'r+) O 6% (11°)

» AT g} ®Dy | sensitive to d quark
- Dominated by L=0 (S) and L=1 (P) interference

» Consist w/ model in signs, suggest larger asymmetry
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Future A 1 with
12 GeV & SolLID

» Jlab 12 GeV Upgrade

» Large acceptance
spectrometer
SoLID

» 3He target
» High precision
» Multi-D mapping

» X. Qian’s talk
Session future DIS
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Conclusion

» First measurement of neutron A ; using
polarized 3He target, sensitive to d quark

» Systematic uncertainties is improved by
fast beam helicity flip

» Indication of non-zero SIDIS A
o 3He—T117, +2.80 A+ (sum all bins)

» Current progress
- Extensive Internal review
- Working on systematic uncertainties

» Foundation work for future studies

o JLab 12 : 4D mapping of A+ with ultimate precision
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